Welhave!reported previously (Christman and Williams, 1952) concerning the synthes of a specific activator for aspartic acid deaminase by the sulfuric acid degradation of carbohydrates. The immediate conclusion arising from this observation was that biotin and adenylic acid could not be constituents of the "coenzyme" although the mode of action of the enzyme system and its activators remained to be elucidated.
Welhave!reported previously (Christman and Williams, 1952) concerning the synthes of a specific activator for aspartic acid deaminase by the sulfuric acid degradation of carbohydrates. The immediate conclusion arising from this observation was that biotin and adenylic acid could not be constituents of the "coenzyme" although the mode of action of the enzyme system and its activators remained to be elucidated.
Evidence was presented in this same report which showed that this carbohydrate degradation product was identical in physico-chemical behavior to the substance present in yeast and liver extracts which has been designated by Lichstein (1950) to be the coenzyme of aspartic acid, seine, and threonine deaminases, and succinic acid and oxaacetic acid decarboxylase.
It is the purpose of this communication to resolve some of the speculation concerning these systems, and to present evidence that this synthetic material behaves as the coenzyme of the deaminases of aspartic acid, serine, and threonine. Evidence also will be presented to the effect that biotin and adenylic acid also are involved intimately in these same systems, albeit unrelated to the chemical structure of the coenzyme.
METHODS
The organism used to prepare the partially resolved aspartic acid, serine, and threonine deaminases was Bacterium cadaveris. May 17, 1952. buffer has been described previously (Lichstein and Umbreit, 1947; Lichstein and Chrisan, 1948) . Although this technique has encountered some controversy (Axelrod et al., 1948; Lichstein, 1949) , apparently it produces results conistent with other methods of enzyme resolution (Lichstein, 1950) . We have found that refrigeration of washed cells at -18 C for 24 to 72 hours prior to phosphate aging always leads to consistent resolution. Prolonged refrigeration leads to complete inactivation of the system. A second method of aspartic acid deaminase resolution has been described by Boyd and Lichstein (1951) and was employed in certain of the experiments.
Dried cell preparations of B. cadavris were made by vacuum drying washed cell paste over silica gel or by vacuum sublimation of the moisture in a modified lyophile apparatus.
Biotin asays were performed by the method of Snell et al. (1940) using Saccharomyces fragilis as the asay organism.
The glucose cofactor solutions were prepared according to the method previously described (Christman and Williams, 1952 aldehyde is essential in the production of the material.
Investigation of the cofactor in partially resolved serine and threonine deaminase systems. Since the natural material found in yeast and liver extracts is capable of stimulating partially resolved serine and threonine deaminases as well as aspartic acid deaminase, experiments were performed to determine if the synthetic material prepared from glucose degradation has similar biological activity (table 2). It can be seen from these data that the glucose degradation product has exceptional ability to stimulate all three amino acid deaminases. Thus, from a biochemical as well as physiochemical viewpoint, this synthetic substance acts in a manner identical to the material present in yeast extract. By inference (Lichstein, 1950) it These rate curves are presented in figure 1. In the experiment presented, representative of a number of similar experiments, the resolution of the enzyme was of very high order since even after a two hour incubation there was no increased capacity of the cells to deaminate aspartic acid. Similarly, biotin and adenylic acid, which ordinarily produce some reactivation immediately (Lichstein and Christman, 1948) Rate curves with highly resolved systems which require the cofactor together with biotin and adenylic acid for maximum stimulation. Both of the preceding experiments indicated that highly resolved systems required not only the cofactor but also biotin and adenylic acid for maximum stimulation. To examine further this possibility, experiments were performed wherein the combination of biotin and adenylic acid along with the synthetic cofactor was compared with yeast extract, synthetic cofactor, and biotin plus adenylic acid. Eighly resolved cells were obtained by storing washed cell paste for a week at -18 C. The time curves obtained are shown in figure 3. These 1953] been accumulated concerning these deaminases, a thorough summary of which is now available (Lichstein, 1951 Close examination of the evidence seems to favor this second interpretation, this evidence being: (a) although the cofactor invariably stimulates cell activity without lag, biotin and adenylic acid often do likewise even in the suboptimal pH 5 system where synthesis of intermediates is at a minimum; (b) biotin and adenylic acid frequently stimulate dried cell preparations; (c) an additive effect can be observed in well resolved systems which require both the cofactor and the biotin-adenylic acid combination for maximum stimulation; and (d) frequently systems can be isolated (figure 3) wherein biotin and adenylic acid alone have no effect in deamination and still cause a significant increase over cofactor alone when added along with the cofactor. It is conceivable that the deaminase system requires not only a coenzyme but also a vitamin stimulator that is unrelated to the coenzyme.
SUMMARY
Evidence is presented favoring the coenzymatic nature of a synthetic cofactor involved in the aspartic acid, seine, and threonine deaminase systems found in resting cell and dried cellular preparations resolved by a variety of techniques. The cofactor can be prepared from a variety of carbohydrates and their derivatives by sulfuric acid degradation; none of these materials has cofactor activity before degradation.
Cofactor stimulation of resting cellular suspensions is not accompanied by any increase in biotin content.
The existence of a joint requirement for the cofactor and the biotin-adenylic acid combination in highly resolved cellular preparations is demonstrated.
